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ABSTRACT 



A surgical implant for spinal fixation formed by a rigid bent 
titanium frame having wire receiving means. Spinal fixation 
implants are used to correct abnormal curvature of, and/or 
impart stability to, the spine by immobilising a plurality of 
vertebrae with respect to each other. A rigid bullet shaped 
frame which fits neatly onto the posterior surface of the 
spine to embrace at least two bones is fixed in place by 
means of fixation wires passed around or looped through the 
frame and passing through holes in the bones to immobilise 
the embraced bones with respect to each other. The frame 
has a substantially rectangular cross-section. An improved 
surgical implant results from the provision of wire receiving 
means which prevent the fixation wires moving relative to 
the frame and the bullet shaped frame of rectangular cross- 
section which improves the stability of a fixed implant by 
close conformity of the implant to the shape of the spine. 

16 Claims, 7 Drawing Sheets 
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SURGICAL IMPLANT 

RELATED APPLICATION 

This is a continuation-in-part of application Ser. No. 
08/075,733 filed Jun. 11, 1993, abandoned. 5 

FIELD OF THE INVENTION 

Background of the Invention 

This invention relates to surgical implants for spinal 
fixation. 10 

Spinal fixation implants are used to correct abnormal 
curvature of, and/or impart stability to, the spine by immo- 
bilising a plurality of vertebrae with respect to each other. A 
rigid frame which fits neatly onto the posterior surface of the 
spine to embrace at least two adjacent vertebrae is fixed in is 
place by means of fixation wires (or cables) passed around 
or looped through the frame and passed under the laminae to 
immobilise the embraced vertebrae with respect to each 
other. 

One type of known spinal fixation implant comprises 20 
stainless steel or titanium rods formed into a rectangle. The 
fixation wires are looped around the rod to secure the 
rectangle to the spine. A problem with such implants is that 
any tensile or compressive forces parallel to the direction of 
the spine will cause the implant to slip relative to the fixation 25 
wires as soon as the frictional force between the wire and rod 
is overcome. A further problem of prior art implants is the 
dead space between a fitted implant and the spine arising 
from a lack of conformity between the contours of the 
cervical spine and the spinal implant. 30 

SUMMARY OF THE INVENTION 

According to the invention in a first aspect, there is 
provided a surgical implant for spinal fixation comprising a 
rigid biocompatible frame defining an aperture, the frame 35 
consisting of first and second substantially parallel frame 
portions connected by third and fourth frame portions 
extending in the same direction as each other away from a 
plane defined by the first and second frame portions, and at 
least one of the third and fourth frame portions being curved 40 
so as to define a tapered portion of relatively small width 
which, in use, can be fitted closely about the spine. In a 
preferred form, the frame defines a bullet-shaped aperture, 
that is, three sides of the frame, when viewed from above, 
define a substantially rectangular space which is extended at 45 
one end towards a point defined by either straight or curving 
converging frame portions. 

The present invention also provides a surgical implant for 
spinal fixation comprising a rigid biocompatible frame 
defining an aperture, the frame consisting of first and second 50 
substantially parallel frame portions connected by third and 
fourth frame portions, the third and fourth frame portions 
extending in the same direction as each other away from the 
plane defined by the first and second frame portions, the 
frame having wire receiving means for receiving wire (or 55 
cable) at at least one point on the frame and fixed relative 
thereto, the wire receiving means being a recess formed in 
one of the frame portions. 

Preferably the frame is formed from titanium alloy (Ti- 
6A1-4V) sheet stock and has flat surfaces. 6° 

Embodiments of the present invention will now be 
described, by way of example, and with reference to the 
accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 65 

FIG. 1 is a plan view of a surgical implant embodying the 
present invention; 
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FIG. 2 is a section along line II — II of FIG. 1; 

FIG. 3 is a side view of the implant of FIG. 1; 

FIG. 4 is a section along line IV— IV of FIG. 1; 

FIG. 5 illustrates one of the slots in the implant of FIG. 1; 

FIGS. 6 and 7 are plan and side views respectively of an 
alternative embodiment of the present invention; 

FIGS. 8 and 9 are plan and side views respectively of a 
further alternative embodiment of the present invention; 

FIGS. 10, 11 and 12 are plan views of further alternative 
embodiments of the present invention; 

FIGS. 13 and 14 are respective views of further alterna- 
tive embodiments of the present invention; 

FIG. 15 is a plan view of an alternative embodiment of a 
surgical implant embodying the present invention; 

FIG. 16 is a side view of the surgical implant of FIG. 15; 

FIG. 17 is a plan view of an alternative embodiment of the 
present invention; 

FIG. 18 is a side view of the surgical implant of FIG. 17; 

FIG. 19 is a section along line XIX— XIX of FIGS. 15 or 
17; 

FIG. 20 is a section similar to that of FIG. 6 through an 
alternative frame construction; 

FIG. 21 is an end view of the surgical implants of FIG. 15 
and 17; 

DETAILED DESCRIPTION 

Referring to FIGS. 1 to 3, a titanium alloy frame 1 having 
first and second substantially parallel frame portions 23 
respectively, connected by first and second bent shorter end 
frame portions 4,5 respectively, defines an aperture 6 for 
receiving projecting spinal elements. The frame 1 has slots 
7 and grooves 8 for receiving fixation wires or cables. 

The frame 1 is formed from titanium alloy (Ti-6A1-4V) 
sheet stock. The frame portions 2,3,4,5 are each approxi- 
mately 0.35 inches (0.9 cm) wide and 0.125 inches (0.4 cm) 
thick. All the frame edges are either chamfered or rounded 
(see FIG. 4). Referring to FIG. 1, the first frame end portion 
4 curves slightly into the aperture 6 defining wire seats 9, 
and the second frame end portion 5 is semi-circular. The 
frame 1 is approximately 2.35 inches (6 cm) in length from 
the top of the second end portion 5 to the bottom of the first 
end portion 4 with the second end portion 5 being defined by 
a circle of approximately 0.72 inches (1.83 cm) radius. The 
aperture 6 is approximately 0.8 inches (2 cm) wide. 

The parallel frame portions 2, 3 each have three slots 7 in 
the frame edge 11 remote from the aperture 6. The slots 7 are 
spaced approximately 0.55 inches (1.4 cm) apart on each 
parallel frame portion 2,3 with the slots closest to the second 
end portion 5 being approximately 0.72 inches (1.83 cm) 
from the top of the second end portion 5. Referring to FIG. 
5, each slot 7 has its centre line substantially orthogonal to 
the frame edge 11 remote from the frame aperture 6 and is 
defined by an opening 16 0.08 inches (0.2cm) wide in the 
frame edge 11 which communicates with a cylindrical hole 
17 0.055 (0.14 cm) inches in radius having its centre 0.065 
inches (0.165 cm) from the frame edge 11. 

The second end portion 5 has two grooves of semi- 
circular section in the frame edge 12 adjacent to the frame 
aperture 6. Each groove 8 is defined by a circle approxi- 
mately 0.055 inches (0.14 cm) in radius having its centre on 
the frame edge 12 adjacent the frame aperture 6 approxi- 
mately 0.41 inches (1,04 cm) below the top of the second 
end portion 5. 

The middle section 10 of each of the end portions 4,5 
bends through an angle of approximately 100° (preferably 
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102°) as shown in FIG. 2, and the parallel frame portions 2,3 4. The substantially parallel frame portions 19,20 each have 

of the frame 1 curve as shown in FIG. 3 so as to accomodate two slots 7 in the frame edge 11 remote from the frame 
lordosis (or kyphosis) in the spine. The lordotic curve of aperture 6, with the slots 7 being spaced approximately 0.55 

frame 1 is defined by an arc of a circle, the radius of the inches (1.4 cm) apart and the slot closest to the second end 

circle being in the range 5 to 7 inches (13.2 to 17.8 cm). 5 portion 5 being approximately 0.6 inches (1.5 cm) from the 

Preferably, the frame 1 of length 2.35 inches (6 cm) is top of the second end portion 5. Preferably, the frame 18 of 

available in three different lordotic curvatures: flat, arc of a FIGS. 6 and 7 is available in three different lordotic curva- 

circle of 5 inches (13.2 cm) radius and arc of a circle of 7 tures; flat, arc of a circle of 4 inches (10.2 cm) radius and arc 

inches (17.8 cm) radius. of a circle of 7 inches (17.8 cm) radius. 

In use, the titanium alloy frame 1 is placed over the 1° FIGS. 8 and 9 illustrate a titanium frame 26 similar to 

spinous processes on the lamina with the substantially those of FIGS. 1 to 7 but having substantially parallel frame 

parallel frame portions 2,3 lying substantially parallel to the portions 27,28 of different dimensions. The frame 26 is 

spine axis with vertebrae elements (the spinous processes) approximately 3.15 inches (8 cm) in length from the top of 

being received in the frame aperture 6. The vertebrae the second end portion 5 to the bottom of the first end portion 

received within the frame 1 are immobilised with respect to 15 4. The substantially parallel frame portions 27,28 each have 

each other and the frame 1 by fixation wires or cables looped four slots 7 jn we frame edge 11 remote from the frame 

around the frame 1 and around the lamina of adjacent aperture 6, with the slots 7 being spaced approximately 0.55 

vertebrae. Fixation wires or cables are looped through the inches (1.4 cm) apart and the slots closest to the second end 

slots 7, the grooves 8 and wire seats 9. portion 5 being approximately 0.86 inches (2.18 cm) from 

The prior art spinal implants are smooth rectangular 20 th / i°P ° f < he ^ nd f d P 0 ?™ 5 .Preferably the frame 26 

frames formed from metal rods. Whereas in the prior art f ™ S * 8 and 9 » formed into frames of three different 

spinal implants the looped fixation wires or cables are prone lo ^ dotlc curvatures; flat arc of a circle of: 5 inches (13.2 cm) 

to slip parallel to the frame portion around which they are radius and arc of a circle of 7 mches < 178 cm > radius ' 

looped, in the frame 1 of the present invention the fixation FIGS - 10 t0 14 illustrate further alternative embodiments 

wires or cables are secured within a slot 7 or groove 8 and 25 of the P rescnt invention. 

can therefore resist forces parallel to the frame portion FIGS - 10 > 11 and 12 illustrate titanium frames 41,42,43 

around which they are looped. The frame 1 of the present similar to frames 26,18,1 of FIGS. 8,6 and 1 respectively but 

invention can therefore be rigidly anchored to the spine. having slots 44 in the frame end portions 4,5. The frame end 

As will be seen from the drawings, the preferred form of „ P ortions L 4 ' 5 each r have two slot * 44 in the frame ed 8 e 11 

frame is symmetrical about a central plane along the longi- 30 remote from * c / rame a P erture $ m ^tion to the slots 7 

tudinal axis of the device (A-A in FIG. 3), having long > n J^ pa " llel P ° rtl ? nS 2 ' 3 ' ^embodiments of 

portions (2,3) which are substantially parallel (when viewed 10 > n ^ d 12 do not have SH>oves in the frame edge 

from above) to the longitudinal axis A— A, and intercon- 12 ad J acenl the frame a P erture * 

necting portions at either end. The interconnecting portions 35 FIGS * 13 and 14 derate two alternative types of frame 

at each end are asymmetrical about an axis B — B, see FIG, end P ort i° n 50,51. 

3; one a continuous tapering arc connecting the long sides Referring to FIG. 13, a titanium frame 52 is provided with 

(2,3) to define a converging region of somewhat 'pointed' U-shaped frame end portions 50 connecting the parallel 

shape, and the other a substantially straight portion at frame portions 2,3. 

approximately ninety degrees to the long portions. As a ^ Referring to FIG. 14, a titanium frame 53 is provided with 
whole, when viewed as in FIG. 1, the frame defines an bent end frame portions 51 having a shallow bend 54. 
aperture similar in shape to a bullet. When viewed from the Referring to FIGS. 15 and 16, an alternative titanium 
side, see FIG. 3, the long sides of the loop formed by the alloy frame 71 having first and second substantially parallel 
frame are coplanar and shaped to form a curve which frame portions 72,73 respectively, connected by first and 
roughly approximates the curve of the spine. In end view, 4S second transverse bent (see FIG. 19) shorter end frame 
FIG. 2, the interconnecting portions (4,5) extend out of the portions 74,75 respectively, defines a substantially bullet- 
plane of the long sides, defining a rise at either end, having shaped aperture 76 (see FIG. 15) for receiving projecting 
its apex in the plane A — A shown in FIG. 1. spinal elements. 

Ihe bullet shaped implant 1 of rectangular cross-section The frame 71 is formed from titanium alloy (Ti-6A1-4V) 

has superior conformance, at the upper and lower ends of the 50 sheet stock and has similar dimensions to those of the frames 

cervical spine, to the contours of the cervical spine in described above. The frame portions have a rectangular 

comparison to the prior art rod cross-sectional rectangular cross-section with chamfered corners (see FIG. 20). The 

frames. The bullet shaped frame 1 can be used pointing to frame portions may alternatively be of rectangular cross- 

the head in the lower cervical spine, while at the craniover- section with rounded corners (see FIG. 21). 

tebral junction, its reversal, to allow the substantially 55 Referring to FIG. 15, the first frame end portion 74 curves 

straight end frame portion 4 to nestle against the occiput slightly into the aperture (but is otherwise substantially 

provides an excellent fixation for the craniovertebral junc- straight) and the second frame end portion is substantially 

tion. The slots 7 on the frame 1 about every 1.5 cm are semi-circular (i.e. bent). 

compatible with Titanium cable and, by fixing sublaminar An alternative construction of a frame similar to that of 

cables through the slots 7 provide an extremely firm fixation 60 FIGS. 15 and 16 is shown in FIGS. 17 and 18. The parallel 

far in excess to that provided by the conventional prior art frame portions 82,83 of the frame 81 curve as shown in FIG. 

rectangular frame arrangement. 18 so as to accommodate curvature of the spine (i.e. lordosis 

FIGS. 6 and 7 illustrate a titanium frame 18 similar to that or kyphosis). In other respects the construction of the frame 

of FIGS. 1 to 4 but having substantially parallel frame 81 of FIGS. 17 and 18 is similar to that of the frame 71 of 

portions 19,20 of different dimensions. The frame 18 is 65 FIGS. 15 and 16. 

approximately 1.57 inches (4 cm) in length from the top of As discussed above for the frame of FIG. 1 the bullet 

the second end portion 5 to the bottom of the first end portion shaped frames 71,81 have superior conformance to the 
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contours of the spine in comparison to the prior art spinal 5. Asurgical implant according to claim 1 wherein the first 

implants. The " tented" implant with a bullet shaped aperture and second frame portions are curved so as to match the 

has been found to fit more closely to the spine and hence curvature of a portion of the spine. 

reduces the dead space between the spine and the fixed 6. A surgical implant according to claim 1 wherein the first 

implant, 5 an d second frame portions are substantially straight. 

The bullet shaped frame also leads to greater stability of " . . 7- A surgical implant for spinal fixation comprising a rigid 

*i_ £ .1 * i ; i*r - j . . biocompatible frame denning an aperture, the frame con- 

the fixed implant as a result of an increased contact area ^ ^ fifSt and sccond \ am / ^ substantially 

between the fixed frame and bone. Using a frame of rect- a] f d tQ a b^din* axis of the implant, said first and 

angular cross-section as described above leads to a further second frame portions being connected by third and fourth 

mcreased frame/bone contact area and hence to still greater W frame pQjaon& wh i c h are shorter then said first and second 

stability. The generally rectangular cross-section provides frame portions, said third and fourth frame portions each 

more contact with the bony elements of the spine that the bent perpendicular to the longitudinal axis of the implant the 

traditional prior art circular cross-section. frame having a plurality of recesses formed therein for 

Aframe having the combination of both a bullet shape and receiving wire at selected points on the frame and adapted to 

with frame portions of rectangular cross-section is the most 15 fix the wire relative thereto. 

effective and stable implant construction. 8 * A surgical implant according to claim 7 wherein the 

The surgical implants illustrated allow one to rigidly frame has at leat one recess opening into the frame aperture. 

, & . .r , , , . . i »- 9. A surgical implant according to claim 7, wherein the 

anchor the surgical implant to the spine and prevent relative c u j . * *u c \ a -a 

, r*t • i * j c *■ li t* ii frame has an edge remote from the frame aperture, and said 

movement of the implant and fixation wires or cables. It will „ , , - * t , . . 4 y * 

u • , * . - ,. c , . r 20 edge has at least one recess extending into said edge, 

be appreciated that various modifications may be made for 5 ft A . , . , , , 6 , . . , 6 . , 

i , L i * a- 4 u *> i i • . ... 4 10. A surgical implant according to claim 7 wherein the 

example in the slot distribution and dimensions, without - , r , , . & . „ , 

departing from the idea of the present invention. frame P ortI0D each have a subslantlall y «cttisul»r cross 

We claim* section. 

i * ■ t- i *f • i a ** • • • *j 11. A surgical implant according to claim 10 wherein the 

1. A surgical implant for spinal fixation comprising a rigid ocr . 6 *\ c 4 5 a a JjCt 
. . ... t * a a * _* .u r 25 frame portions each have first and second edges, said first 
biocompatible frame defining an aperture, the frame con- j . • ^ , L c f j i 

* « . j a c ^- u . ii edge being contiguous with the frame aperture and said 

sisting of first and second frame portions substantially t c -ac L ■ 

« , , , % j- i f(U . , . • « j» j second edge being remote from said frame aperture, wherein 

parallel to a longitudinal axis of the implant said first and ■ j j r a. r x. c a 

A f Z>- u • . a L .u* -i a c said edges of the trame portions are chamfered, 

second frame portions being connected by third and fourth A • i • i : j- . 1 ■ - i • i 

frame portions which are shorter then said first and second m . ™ A surgical implant accordmg to clann 7 wherein the 

frame portions, said third and fourth frame portions each 30 second frame portions are curved so as to match the 

, , r j- i . *u i '* a' i • rfi. • t . * curvature or a portion of the spine, 

bent perpendicular to the longitudinal axis of the implant at ^« . • , - , . j. i . - , . , 

, , * ■ • , Air °, c , 13. A surgical implant according to claim 7 wherein the 

least one of said third and fourth frame portions curved away l n . j jj .j 

p _ -j * * j ^ j j fourth frame portion has first and second ends connected to 

from said aperture so as to define a tapered end portion of the . L c A j ^* . i j • t_n 

• j • j * l j 1 * u . the first and second trame portions respectively and a middle 

implant which, in use, is adapted to be fitted closely about ,^ ... . . n f , *\ , J . 

the spine 35 section between said first and second ends, wherein said 

2. A surgical implant according to claim 1, wherein the fou f fr ™ e P f orti ° n f forms a CUI J 6 ^ m / ddl6 

third frame portion is curved and the fourth frame portion is f^ta^ ^ f ° Urth framC P ° rtl ° n eXtend,ng 1Dt ° thc framC 

substantiaUy perpendicular to the first and second frame ha' ■ 1 • . *. i • - . • . 

' , j * l * *• 11 u 11 * l. j c 14. A surgical implant accordmg to claim 7 wherein the 

portions so as to define a substantially bullet-shaped frame „ n c , . j-c j * *u.u 

anerture second frame portions are curved so as to match the 

3. A surgical implant according to claim 1 wherein the curvature of a portion of the spine 

frame portions each have a substantially rectangular cross- fi V' A A SUI S ,ca 1 1 ' m P lant a ^ ordln 8 to k clalm . ' wherein the 

ggg^QQ first second frame portions are substantially straight. 

4. Asurgical implant according to claim 3 wherein the first M f 16 - A surgical implant according to claim 7 wherein the 

j ac .' j * . 45 frame is formed of a titanium alloy, 

and second frame portions are curved so as to match the a uiau«m oiiuj. 

curvature of a portion of the spine. ***** 
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